This paper combines the results due to interactions of 40 Ar at two energies 1A and 1.88A GeV in emulsion targets. We discuss and identify the projectile fragments with charge 2 Z 18. The identification of projectile fragments is based on two measuring methods -ray and gap density. The charges tend to appear in groups Z(2-8), (9-13) and Z 14 with a positive long-range correlation. A polynomial function form describes well the -ray multiplicity distributions correlating the two used 40 Ar beams with each other. A correlation between the average values of -ray and gap densities is depicted. We can correlate the values of -ray density per fragment and the corresponding gap densities with the fragment charge .
INTRODUCTION
Nuclear fragmentation in heavy ion collisions has been measured with extremely high precision since many years. It stills a subject of great current interest. The study of the properties of nuclear matter within fragmentation process has come into focus of recent research [1] [2] [3] [4] [5] activities. They provide essential tools for our understanding of the reaction mechanism. Most investigations [6, 7] are concentrated on the detection of nucleons produced particles and very light fragments in full acceptance experiments. Many important results have been obtained by detecting such light nuclei.
In this paper we do an analysis of nuclear fragmentation produced in emulsion from 40 Ar projectiles at 1.00 and 1.88A GeV. We report projectile fragments of different charges (2-18) emitted from interactions of two Argon beams. The identification of these fragments is based on measurements of -ray and gap density methods [8, 9] .
EXPERIMENTAL DETAILS

EMULSION STACK
In this experiment, we use two stacks of low sensitivity Ilford G.5 nuclear research emulsion pellicles 7 grain/100 m for singly charged relativistic particles, 600 m thick, and 10 10 cm dimensions. These stacks were exposed to 40 Ar beam parallel to the surface of emulsion pellicles at 1.00 and 1.88 GeV/nucleon at Lawrence Berkeley laboratory (LBL).
SCANNING TECHNIQUE AND EVENT CLASSIFICATION
Each beam trajectory is scanned along the track under high magnification. The inelastic interactions with nuclear emulsion observed for each of the two used projectiles detected about 500 and 2300 events for 40 Ar projectile with energies of 1.00 and 1.88A GeV, respectively. Recorded for each interaction were event type, relativistic secondaries, the charges of the secondary fragments (PF's) determined by a technique discussed later. The secondary tracks resulting from each inelastic interactions are classified into three types on the basis of their grain density (g) measured [10] : Shower tracks those with g 1.5g ; gray tracks for which 1.5g < g < 4.5g ; black tracks with g > 4.5g . Here g corresponds to the grain density of a minimum ionizing track.
In each event, the charges Z 2 of individual PF's are determined by the combination of several methods which include grain, gap and -ray densities [11] .
RESULTS AND DISCUSSIONS
The projectile fragments PF's essentially travel with the same speed as that of the parent beam nucleus, so the energy of the produced PF's is high enough to distinguish them easily from the target fragments. All PF's are emitted in a very narrow forward direction ( ab 3 ) within an angle given by the Fermi momentum. More details are given in [12] . The projectile fragments of charge Z = 1 are not included in the following analysis due to the low sensitivity of the used emulsion. It is possible to determine, by eye, the charge of the fragments with Z = 2 (mainly He nuclei). The confusion between the He PF's and other PF's with Z = 3 or 4 has only a small effect due to the rare production of these latter fragments. Therefore, systematic charge measurements are performed only on fragments with Z 3. However, a sample of fragments with Z = 2 is also measured.
The charge identification of PF's is based on -ray (low energy electron) densities which produces a track containing four or more grains having energy > 15 KeV and by gap density.
The linear density of -rays for a particle with 1 is 2 dn Z dx in nuclear emulsion [8] . The primary beam with the nuclear charge Z = 18 is used in calibration. According to the above proportionality, the number of -rays N /mm for 40 Ar (Z = 18) is proportional to Z 2 . Using that proportionality one can obtain the expected N for any PF. Hence, The fitting parameters A and B are given in Table 1 characterizing the -rays calibration of PF's due to the interactions of 40 Ar (1.00 and 1.88A GeV) with emulsion. From Fig. 1 , it can be noted that, the calibration of the two argon beams is similar, where their fitting parameters are nearly the same. This reflects the accuracy in counting -rays for the two beams. Table 1 The fitting parameters of the calibration curves identifying the PF's due to 40 Ar-Em interactions at 1.00 and 1.88A GeV Fig. 2 displays typical charge spectra, obtained by counting -ray densities on primary and secondary tracks. For PF's having charge Z = 2-18 emitted from 40 Ar (1.00 and 1.88A GeV) projectiles by following each track for at least 1 cm track length, the corresponding distributions are shown in this figure. The Z = 2 histogram represents the -rays measurements for tracks produced for helium PF. On the other hand, the Z = 18 histogram indicates the results of the measurements for a sample of produced tracks of 40 Ar beam in addition to projectile tracks having Z = 18. A series of histograms are observed belonging to a certain value of Z. Each of these histograms can be fitted by a Gaussian distribution with a peak agrees with the calibrated value of N . Table 2 , displays the results of the present investigation of the average number of -ray per mm <N > of the fragments at each charge Z (2-18) produced from 40 Ar ions at 1.00 and 1.88A GeV. Each value of <N > is in agreement with the peak value of each corresponding histogram in Fig. 2 . A good agreement with both beams is obtained. Table 2 The average values of -ray per mm characterizing each fragmented track of charge Z through the interactions of 40 Ar (1.00 and 1.88A GeV) with emulsion Each -ray spectrum belonging to a certain charge in Fig. 2 shows a dispersion agreement with the measured values of <N >. The dispersion D of each -ray spectrum is defined as,
Fitting Parameters
This dispersion can be correlated with the average no. of -ray / mm <N > corresponding to a certain charge.
In Fig. 3 , the ratios of D N for the -ray spectrum belonging to each charged projectile fragment resulted through the interactions of 40 Ar (1.00 and 1.88A GeV) with emulsion are correlated with <N > in hyperbolic shapes. The two curves in Fig. 3 are the fitting of the data resulted from the two 40 Ar beams. They are determined by 2 nd order exponential decay of the form,
The fitting parameters a 1 , a 2 , t 1 and t 2 are given in Table 3 . The behavior of the curves illustrated in Fig. 3 suggests that, there is a positive long range 40 Ar into three groups. These groups can be categorized from the -ray normalized distributions given in Fig. 4 . It is obvious from the figure that, the first group has N 13. This group is corresponding to 2 Z 8. The second group having 13 < N 34 corresponds to 9 Z 13. The third group having N > 34 corresponds to Z 14. The average values of -ray according to each group are given in Table 4 , where they are similar for the two 40 Ar beams within experimental error. The data in Fig. 4 are fitted well using, polynomial regression of the form, 
Table 4
The average values of -ray density according to each interval of Z The fitting is illustrated in Fig. 4 by the solid curves. The fitting parameters according to each 40 Ar beam are given in Table 5 . These fitting parameters are presented diagrammatically giving a parabolic correlation between both 40 Ar beams through Fig. 5 . The data in Fig. 5 
where, = 0.18 0.18, = 2.82 0.04, = -0.02 6.86 10 4 and i = 0 7. Fig. 5 can correlate the two 40 Ar irrespective of their energies. This indicates that the number of -ray can shift systematically between the two beams in a parabolic increments. Hence, using equations 5 and 6 one can predict the fragmented charges due to 40 Ar beams at the used range of energy. Now, the charge identification of relativistic multiplicity charged fragments is made also, by measuring the -ray gap densities [13] (the gaps on the -ray Table 5 The fitting parameters for the -ray multiplicity distributions characterizing the fragmentation of 40 Ar (1.00 and 1.88A GeV) with length > 3 m). In the present investigation a sample of gap densities for both 40 Ar beams fragmentation is measured. This sample has been measured before, using -ray densities. Fig. 6 depicts a correlation between the average -ray densities <N > belonging to a certain charge Z and the corresponding average gap densities < gap > for the fragmentation of the two 40 Ar beams. The data in Fig. 6 are fitted by a second order exponential decay of the form, In order to combine the three parameters <N >, <gap> and Z characterizing each fragmented track in a unique relation, Fig. 7 displays the ratio <N >/<gap> versus charge Z. The ratios for the two 40 Ar beams are similar and constant up to Z 12. Then it seems to grow exponentially with Z where <N > seem to be more than the corresponding value of <gap>. Hence, it is more accurate and preferable to identify the fragments having Z > 12 using gap density method where their densities are lower than -ray densities. The energy may be an effective parameter in the fragmentation process to produce heavier fragments with excess it can be noticed that, there is a clear evidence of a critical behavior of the fragmentation process with universal features using both or one -ray or gap density measuring method.
SUMMARY
We have studied the interactions of 40 Ar at two different energies 1.00 and 1.88A GeV in emulsion targets. A systematic comparison using the data of each beam fragment is made. The experimental data on the nuclear fragmentation of each projectile beam are analyzed. The charge of each produced fragment is identified using -ray and gap density measurements. A positive long range correlation in emitting these charged fragments is present. From the -ray distributions, it is found that the charges tend to appear in groups with charges Z (2-8), (9) (10) (11) (12) (13) and Z 14. The -ray production spectrum may be convenient to be described in a polynomial shape equation. A clear evidence of a critical behavior discriminating the fragmentation process with universal features is observed throughout using the identification methods.
